In connection with the isolation of pantothenic acid from natural materials, Woolley and Hutchings (1940) reported the development of a chemically defined medium for a strain of Streptococcus zymogenes, a hemolytic group D streptococcus. In addition to glucose, inorganic salts, buffer, and a reducing substance, the medium contained the three vtins, riboflavin, pantothenic acid, and pyridoxine; and seven amino acids. Schuman and Farrell (1941) extended this work and showed that a similar medium, differing somewhat in amino acid content, would support the growth of a culture of Streptococcus fecalis, a non-hemolytic group D streptococcus.
Later, Woolley (1941a) reported that a closely related Streptococcus zymogenes strain would not grow in the synthetic medium unless a larger variety of amino acids was used. Nicotinic acid also stimulated' the growth of this strain.
In this laboratory, attempts to culture a number of enterococcus cultures in the above media have failed. A study was.therefore undertaken to determine the additional substances required by these organisms, and also to determine whether or not the four major varieties or "species" within the enterococcus group have similar nutritive requirements.
CULTURES AND TECHNIQUE
The cultures used in this study consisted of five strains each of Streptococcus zymogenes, Streptococcus durans,. and Streptococcus fecalis, and four strains of Streptococcus liquefaciens; all of which were selected at random from the laboratory stock culture collection. All had been shown previously to be enterococci and to be members of their respective "species" by a study 'of their physiological properties, -and all belonged to the Lancefield serological group D. These nineteen strains were isolated from pasteurized milk, cheese', and the human intestine, no two strains having been obtained from the same sample.
The technique used throughout this study was essentially the same as previously reported (Smiley, Niven, and Sherman, 1943) . The medium under test was inoculated with a fine wire needle from a 24-hour meat infusion broth culture. Care was taken, especially in all critical tests, to make several serial transfers in the same medium at 24-hour intervals whenever growth occurred.
GROWTH FACTOR REQUIREMENTS
In order to determine the growth factor requirements of these cultures, a basal medium was used which contained acid-hydrolyzed, vitamin-free casein, tryptophane, phosphate buffer, glucose, sodium thioglycolate, xanthine, adenine, guanine, uracil, and salts in the concentrations listed in table 1. The salt tnixture used by Woolley (1941b) was-adopted (see table 1 ). -By pr-evious microbiological tests it was known that the casein hydrolysate was free from detectable quantities of riboflavin, pantothenic acid, nicotinic acid, pyridoxine, biotin, thiamine, and folic acid.
All the ingredients, including the test substances, were mixed together, the pH adjusted to 7.2-7.4, and 5 ml. quantities distributed into specially cleaned culture tubes and autoclaved at 15 pounds pressure for 15 minutes before inoculation. All cultures were incubated at 37°C. and the growth response measured -with a photoelectric densitometer at different time intervals. Mitchell and Snell (1941) . All cultures tested grew in the absence of the purine and pyrimidine bases but when these substances were included the rate of growth was greatly enhanced in Snell and Mitchell (1941) . An interesting observation has been recently recorded by Snell and Guirard (1943) showing that alanine in relatively large amounts was able to replace pyridoxine for the culture of "Streptococcus lactis R" studied by them. Also, they found that glycine, and to a less extent threonine, serine, and beta-alanine are inhibitory. Inhibition by each of these substances could be quantitatively eliminated by adding pyridoxine or alanine to the medium.
These observations are confirmed in the present study. Woolley and Hutchings (1940) were able to culture their Streptococcus zymogenes strain in a medium contamning the seven amino acids, isoleucine, lysine Table 3 shows a mixture of 13 amino acids, the minimum number found which would allow prompt and satisfactory growth of this strain.
It can be seen that six of the 13 amino acids were essential, no growth occurring within 43 hours when each was omitted individually. Apparently, other amino acids can not replace any of these six amino acids since no growth resulted when they were omitted singly from a medium containing 20 amino acids. Woolley and Hutchings, and Schuman and Farrell reported for their respective cultures that tryptophane and glutamic acid were the only essential amino acids which could not be replaced by others.
Of the 19 enterococcus cultures studied, only three Streptococcus durans and one Streptococcus liquefaciens culture failed to grow upon continued subculture in the simplified medium containing the 13 amino acids listed in table 3. Thus, it would appear that the amino acid requirements of the enterococci vary somewhat among individual strains.
No attempt was made to determine the specific amino acid requirements for all enterococcus cultures studied. However, it should be pointed out that of the 19 cultures tested only one Streptococcus fecalis and one Streptococcus durans culture were able to grow in a casein hydrolysate medium which contained no added tryptophane. would occur in a glucose, yeast autolysate medium when the sugar was added aseptically after heat sterilization of the medium. All cultures behaved in this manner, with the exception of Streptococcus liquefaciens, cultures of which grew equally well when glucose was added either before or after autoclaving the medium.
Using a synthetic medium, a similar observation was reported recently for members of the species Streptococcus salivarius (Smiley, Niven and Sherman, 1943) . No growth would develop when sterile glucose was added aseptically unless the medium contained small amounts of pyruvate or acetaldehyde. It was concluded that when glucose was heated in the presence of the other constituents of the medium, a small amount was decomposed to yield certain substances which could serve as hydrogen acceptors in the initial carbohydrate metabolism of the growing cultu're. In the present study, 10 enterococcus cultures, representing the four "species" of this group, were inoculated with a fine wire needle into tubes of casein hydrolysate medium to which glucose had been added, before and after heat sterilization. All cultures grew satisfactorily irrespective of whether glucose was added before or after autoclaving. All cultures developed maximum turbidity within 24 hours, no difference being noted in the rate of growth in the two media.
Attempts were then made to determine the substance or substances in the medium which allowed the initiation of growth under these conditions. A Streptococcus fecalis and a Streptococcus zymogenes culture were able to grow with equal rapidity in a casein hydrolysat6 medium under strict anaerobic conditions regardless of whether glucose had been added before or after autoclaving. Likewise, similar results were obtained when the medium contained only the 13 amino-acids of table 3, instead of casein hydrolysate as an amino acid source. Equal rates of growth also resulted when glycerol and mannitol were substituted for glucose in similar experiments. It would therefore appear that the enterococci have a mechanism for the initial carbohydrate fermentation which is somewhat different from that of Streptococcus salivarius.
In this laboratory, group B streptococci have also been found to be able to initiate growth in casein hydrolysate media which did not contain glucose during heat sterilization.
DISCUSSION
With respect to their growth factor requirements the enterococci seem to be a homogeneous group. All cultures tested required pantothenic acid, nicotinic acid, pyridoxine and biotin. All strains were able to synthesize thiamine. Variations in requirements were found only for two vitamins, riboflavin and folic acid.
It should be recalled that Woolley and Hutchings, and Schuman and Farrell reported that only riboflavin, pantothenic acid and pyridoxine were required by the enterococcus cultures studied by them. Therefore, it should be expected that occasional enterococcus strains might be found which would be able to synthesize biotin and nicotinic acid. However, it is possible that the basal media employed by these pioneer investigators were contaminated with sufficient quantities of these two factors to allow growth. Aside from the above reports, no other streptococcus has been found which is able to synthesize either of these two vtamins. Pantothenic acid also seems to be an essential vitamin for all streptococci thus far studied. Variations have been found only among riboflavin, pyridoxine, thiamine, and folic acid.
Among the species which have been thus far studied, certain strains of en-terococci appear to be the only streptococci which are unable to synthesize folic acid. Of the 43 enterococcus cultures studied by us, only nine required this vitamin for growth.
As an aid in concentrating folic acid from natural materials, Mitchell, Snell and Williams (1941) used as a test organism a streptococcus termed "Streptococcus lactis R." This culture, which is used for the microbiological assay of folic acid , has been shown to be physiologically and serologically identical with Streptococcus fecalis.
Further studies on the vitamin requirements of this organism have confirmed the above findings. In this laboratory, three cultures of "Streptococcus lactis R" obtained from different laboratories (but from the same original source) have been found to agree closely with the enterococci in their vitamin requirements. These cultures grew promptly in the medium of table 1. Riboflavin is not required, which is in harmony with the findings of Snell, Guirard and Williams
